The ability of olfactory identification, a behavioral probe of circuitry involving the orbital frontal cortex, is consistently impaired in patients with chronic schizophrenia (1) and first episodes of psychosis (2) (3) (4) (5) ; these impairments have been associated with negative symptoms (1, 2) . In a recent longitudinal study of predominantly neuroleptic-naive first-episode patients with psychosis (2), olfactory identification deficits were apparent at baseline testing within a few days of commencement of treatment, were stable over a 6-month period, and did not distinguish those with schizophrenia or schizophreniform psychosis from those with other psychotic disorders. In addition, this study showed that olfactory identification deficits could not be attributed to the effects of cigarette smoking or cannabis use, both of which have been reported as high in younger groups with psychosis (2, 6) . The results of these studies suggest that olfactory identification deficits are illness related, are apparent at illness onset, and are unlikely to be explained by the effects of medication. In addition, two studies have demonstrated similar (although less severe) olfactory impairments in the relatives of psychotic patients (7, 8) , which suggests a genetic basis for the deficit. However, to date, there have been few studies investigating olfactory identification impairments in individuals at high risk for the development of psychosis. While previous studies of high-risk groups (9) (10) (11) have been limited by reliance on genetic vulnerability, a long follow-up period (25-30 years) , high rates of attrition, and low levels of transition to psychosis, we have adopted an alternative strategy (12) that identifies people putatively at high risk of developing psychosis through a combination of trait and state risk factors (13) . Its advantage is in finding a much higher rate of transition to psychosis than family history alone, and it does so within a relatively short follow-up period (41% rate of transition to psychosis within a 12-month period) (14) . It has therefore been labeled an ultra-high-risk identification strategy to distinguish it from the traditional high-risk strategy of using family history alone.
In the current study, we examined olfactory identification ability in ultra-high-risk subjects in relation to healthy comparison subjects and compared the ultra-high-risk individuals who became psychotic with those who did not develop psychosis. Consistent with findings regarding first-episode psychosis, we predicted that olfactory identification deficits would be apparent in individuals who developed psychosis, but we did not expect to find differences among specific diagnoses of psychosis.
Method

Subjects
Subjects were recruited between April 1995 and August 1998 and consisted of two groups. The 31 healthy comparison subjects were similar in age and gender, and were recruited from a local technological college, from ancillary staff and their families, or by advertisements in local newspapers. The ultra-high-risk subjects
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http://ajp.psychiatryonline.org (N=81) (56.7% male) were consecutively admitted to a personal assessment and crisis evaluation clinic. Detailed criteria for the identification of the ultra-high-risk group are described elsewhere (13) and are summarized in Appendix 1. The proportions of ultra-high-risk subjects in each intake group were as follows: attenuated symptoms, 48.1%; brief limited intermittent psychotic symptoms, 11.1%; trait and state symptoms, 13.6%; attenuated and brief limited intermittent psychotic symptoms, 1.2%; attenuated and trait and state symptoms, 11.1%; brief limited intermittent psychotic symptoms and trait and state symptoms, 12.3%; and all three groups of symptoms, 2.5%. In addition to these inclusion criteria, all ultra-high-risk patients were ages 14 to 30 years and had not experienced a previous psychotic episode (treated or untreated). During the 18-month period of the current investigation, 22 (27.2%) of the individuals became psychotic; 59 did not. Twelve (54.5%) of the ultra-high risk patients who became psychotic received a diagnosis of schizophrenia or schizophreniform psychosis, while the remaining 10 were diagnosed with either major depression with psychotic features (N=2), schizoaffective disorder, depressed type (N=1), bipolar disorder (N=3), psychotic disorder not otherwise specified (N=3), or substance-induced psychotic disorder (N=1).
The subjects were required to have an adequate command of English. Subjects were excluded from the study based on the following criteria:
1. Documented organic brain impairment 2. History of head injury with loss of consciousness 3. Current viral or other severe medical condition, upper respiratory tract disease, cold, sinus problem, or hay fever 4. A history of nasal trauma 5. Estimated premorbid IQ of less than 70 6. Documented poor eyesight or hearing 7. The comparison subjects were excluded from study participation if they had a personal or documented family history of psychiatric illness in first-or second-degree relatives.
Measures
All subjects were assessed for olfaction and cognition with the following. Olfactory identification ability was measured with the University of Pennsylvania Smell Identification Test (15), a standardized, self-administered multiple-choice scratch-and-sniff test consisting of four booklets, each containing 10 items. This test has been normatively adjusted for Australian samples (16) . Estimated premorbid IQ was assessed with the Australian-adjusted version of the National Adult Reading Test (17) . Norms were adjusted for years of education. Details of smoking history were also obtained. Diagnosis of psychopathology and ratings of the ultra-high-risk subjects were made with the Structured Clinical Interview for DSM-IV (18), the Brief Psychiatric Rating Scale (BPRS) (19) , and the Scale for the Assessment of Negative Symptoms (SANS) (20) .
Procedure
All subjects provided written informed consent, including parental consent for those less than 18 years of age, in accordance with guidelines provided by the local mental health service research and ethics committees and the departments of psychiatry and psychology of the University of Melbourne. Table 1 lists the baseline demographic, smoking, clinical, cognitive, and olfactory characteristics of the ultrahigh-risk and comparison groups. The ultra-high-risk patients who did or did not became psychotic differed from the comparison subjects regarding only National Adult Reading Test estimated premorbid IQ (analysis of variance) and the proportion of subjects who smoked.
Results
There were no significant differences in ability on the smell identification test between the ultra-high-risk subgroups (psychotic and nonpsychotic) and the comparison subjects, after control was added for premorbid IQ (F=2.05, df=2, 108, p=0.133, analysis of covariance [ANCOVA]). However, when the ultra-high-risk group that later became psychotic was divided on the basis of their psychotic diagnosis (ultra-high-risk patients who were diagnosed as having schizophrenia or psychoses other than schizophrenia), an ANCOVA with control for premorbid IQ revealed a significantly lower ability on the smell identification test in the ultra-high-risk patients who later became psychotic (ANCOVA). Post hoc comparisons revealed that the ultra-high-risk patients who later became psychotic had significantly poorer olfaction ability than all other groups.
Individual correlations for the groups between scores on the University of Pennsylvania Smell Identification Test and other variables were examined, with covariance for premorbid IQ. For the ultra-high-risk subjects who did not become psychotic, a significant association was found between scores on the smell identification test and age, indicating that older subjects had better olfactory identification ability. Data were as follows: ultra-high-risk subjects who did not become psychotic: r=0.37, p=0.005; ultrahigh-risk subjects who were diagnosed as having schizophrenia: r=0.03, p=0.94; ultra-high-risk patients who were diagnosed as having psychoses other than schizophrenia: r=0.05, p=0.89; and healthy comparison subjects: r=-0.29, p=0.12. No significant associations were found between global SANS or BPRS scores and olfaction identification ability in any ultra-high-risk group and, for smokers, between pack-years smoked and olfaction identification ability in any group.
To examine further the effects of cigarette smoking on performance on the smell identification test, the patient and comparison groups were divided into smokers and nonsmokers. Smoking had no effect on smell identification ability across the groups (F=0.14, df=2, 45, p=0.71), and no interaction between study group and smoking was found (F=2.76, df=1, 45, p=0.10). Overall, those who smoked had virtually identical mean scores on the smell identification test as the nonsmokers (smokers: mean= 32.4, SD=1.1; nonsmokers: mean=32.2, SD=1.2).
Sex differences have previously been found in performance on the smell identification test, such that olfaction ability in the male sex is generally more compromised than in the female sex (21) . A subanalysis of our data (ultra-high-risk patients who became psychotic versus those who did not versus comparison subjects) supported these findings (F=16.8, df=1, 105, p<0.001). However, there was no interaction effect (F=1.0, df=2, 105, p= 0.37). Of interest, the group effect did approach a sig-ificant level (F=3.0, df=2, 105, p=0.053 ). An analysis comparing subgroups of the ultra-high-risk group that became psychotic based on their outcome diagnosis produced similar findings (sex effect: F=10.5, df=1, 103, p= 0.002; group effect: F=2.3, df=3, 103, p=0.09; interaction: F=1.2, df=3, 103, p=0.33).
Discussion
To our knowledge, this is the first study to examine olfactory identification ability in a group of individuals at ultra-high risk of developing psychosis. Relative to a healthy comparison group, there was significantly lower olfactory identification ability, specifically in the patients who developed schizophrenia or schizophreniform psychosis. Indeed, these subjects also performed significantly worse than all other ultra-high-risk groups. However, there was no evidence of lower olfactory identification ability in patients who later developed other psychotic disorders.
Smoking history did not significantly affect olfaction identification ability, which is consistent with our findings in a group with first-episode psychosis (2). However, unlike the results from that same first-episode cohort, there was no association between olfaction ability on University of Pennsylvania Smell Identification Test and the age of the ultra-high-risk group that later became psychotic. In contrast, age was associated with olfactory ability in the ultra-high-risk group that did not become psychotic. The latter is consistent with published norms (16), demonstrating that improvement in olfaction ability occurs through early childhood into mid-adolescence in normal populations, although no association was found in our relatively small comparison group. Furthermore, we failed to find a relationship between olfactory ability and negative symptoms, as was previously shown in patients with established illness (1, 2) .
In contrast with our predictions and with data in patients with established psychosis (1, 2, 5), olfactory identification deficits were found only in subjects who later developed schizophrenia and not in those who later developed other psychotic disorders. One possible explanation for this lack of association is that the onset of schizophrenia leads to an arrest of normal development in olfactory ability, such that ultra-high-risk patients who later become psychotic do not make the normal gains seen in ultra-high-risk patients who were diagnosed as having psychoses other than schizophrenia and those who did not become psychotic. More specifically, we suggest that the incipient onset of schizophrenia compromises normal frontal lobe development and therefore interferes with the development of neuropsychological functions mediated by these regions. Our previous neuroimaging (22) and neuropsychological (23) data support such a view. In addition, given our previous finding that first-episode patients with psychotic disorders other than schizophrenia also have impaired olfactory identification ability, this may suggest a decline in performance during the transition to frank psychosis in this group. A decline in olfactory identification might be associated with changes involving the orbital frontal cortex, which has been reported to occur over the transition period (22) . Although these two explanations are not mutually exclusive (and therefore additional impairments may arise in ultra-highrisk patients who are diagnosed with schizophrenia as they become psychotic), longitudinal data are required to examine the effect of developmental stage at illness onset and the impact of further brain changes with illness progression.
Our subanalysis by gender revealed overall that olfactory identification ability in men was more compromised in test performance than that of the women, although the interaction effect was not significant. Nonetheless, an inspection of the mean scores broken down by gender did reveal that the most impaired performance was seen in the men who later developed schizophrenia, suggesting that our failure to discern an interaction of group by sex was because of the small numbers in each group. Our previous work in neuroleptic-naive patients with first-episode psychosis also found no group-by-gender interaction =12.18, df=2, p=0.002) . b Cigarettes/day × years smoked. c Significant difference among groups (F=5.03, df=2, 109, p=0.008). d Data were unavailable for two ultra-high-risk patients who became psychotic and three ultra-high-risk patients who did not become psychotic. e Data were unavailable for one ultra-high-risk patient who became psychotic and two ultra-high-risk patients who did not become psychotic.
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A number of issues regarding methods must be considered in the interpretation of the findings of this study. The ultra-high-risk group that later developed psychosis may not be representative of all patients with psychosis, although follow-up studies of the same group suggest that they do not differ from patients with a first episode of psychosis in terms of psychopathology (24) . Furthermore, the genetic, behavioral, and functional difficulties that bring high-risk individuals to the attention of our clinic could be a result of some generalized vulnerability that includes a greater risk for psychosis. Ideally, these individuals should be assessed before presentation, that is, before they come in for treatment in vulnerable mental states. However, such prevention strategies are difficult to achieve and require long-term follow-up studies, such as in work by the Edinburgh group (25) . Finally, the diagnosis of schizophreniform or affective psychosis can change over time (26) , meaning that further studies examining the diagnostic specificity of olfactory deficits in larger high-risk groups are needed. First-degree relative with a psychotic disorder or schizotypal personality disorder or individual has schizotypal personality disorder Significant decrease in mental status or functioning maintained for at least a month (lower score on Global Assessment of Functioning Scale of 30 points from premorbid level) Decrease in functioning occurred within the past year Exit Criteria for Acute Psychosis At least one of the following symptoms: hallucinations (score of ≥3 on the hallucinations subscale of the BPRS), delusions (score of ≥4 on the unusual thought content subscale of the BPRS or score of ≥4 on the suspiciousness subscale of the BPRS) or the symptom held with strong conviction (score of ≥3 on the Comprehensive Assessment of Symptoms and History rating scale for delusions or formal thought disorder (score of ≥4 on the conceptual disorganization subscale of the BPRS) Frequency of symptoms is at least several times a week Duration of mental status change is longer than 1 week
